Background and Purpose-The Solitaire With the Intention for Thrombectomy (SWIFT) and thrombectomy revascularization of large vessel occlusions in acute ischemic stroke (TREVO 2) trial results demonstrated improved recanalization rates with mechanical thrombectomy; however, outcomes in the elderly population remain poorly understood. Here, we report the effect of age on clinical and angiographic outcome within the North American Solitaire-FR Stent-Retriever Acute Stroke (NASA) Registry. Methods-The NASA Registry recruited sites to submit data on consecutive patients treated with Solitaire-FR. Influence of age on clinical and angiographic outcomes was assessed by dichotomizing the cohort into ≤80 and >80 years of age. Results-Three hundred fifty-four patients underwent treatment in 24 centers; 276 patients were ≤80 years and 78 were >80 years of age. Mean age in the ≤80 and >80 cohorts was 62.2±13.2 and 85.2±3.8 years, respectively. Of patients >80 years, 27.3% had a 90-day modified Rankin Score ≤2 versus 45.4% ≤80 years (P=0.02). Mortality was 43.9% and 27.3% in the >80 and ≤80 years cohorts, respectively (P=0.01). There was no significant difference in time to revascularization, revascularization success, or symptomatic intracranial hemorrhage between the groups. Multivariate analysis showed age >80 years as an independent predictor of poor clinical outcome and mortality. Within the >80 cohort, National Institutes of Health Stroke Scale (NIHSS), revascularization rate, rescue therapy use, and symptomatic intracranial hemorrhage were independent predictors of mortality. 
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December 2014 M echanical thrombectomy using emerging stent-retriever technology has shown increasing promise as an effective treatment for acute ischemic stroke (AIS). The results of the Trevo versus Merci retrievers for thrombectomy revascularization of large vessel occlusions in AIS (TREVO 2) and the Solitaire With the Intention for Thrombectomy (SWIFT) clinical trials demonstrated superior revascularization rates and clinical outcomes compared with the first-generation Merci retriever device. 1, 2 Although the data from the SWIFT and TREVO 2 trials support the use of new-generation stent retrievers for the treatment of AIS, the safety and effectiveness of these devices have not been evaluated in the elderly population.
Several studies have previously examined the use of mechanical thrombectomy in octogenarians and have reported lower rates of good clinical outcome and higher rates of mortality in this age group. [3] [4] [5] However, these initial studies were limited by their small patient size and inclusion of first-generation retrieval devices. Because the elderly population, which carries a higher incidence of stroke, is expected to nearly double over the next several decades, 6, 7 it is critical to investigate the benefit of newer treatments and to understand potential characteristics within this population, which may influence clinical outcome following endovascular therapy (ET).
The aim of this substudy was to examine the influence of age on clinical and revascularization outcomes within the North American Solitaire Acute (NASA) Stroke Registry, 8 a multicenter postmarketing registry reporting the real world clinical use of a newer generation stent retriever for the treatment of AIS.
Methods
The investigator-initiated multicenter NASA Registry recruited 24 US sites to submit retrospective demographic, clinical presentation, site-adjudicated angiographic, procedural, and clinical outcome data on consecutive AIS patients treated with the Solitaire-FR device from March 2012 to February 2013. [8] [9] [10] All patients participating in the NASA registry received Solitaire-FR as the first-choice device to restore blood flow. Each site obtained local institutional review board approval for the study.
For the purpose of this substudy, the NASA cohort was dichotomized into 2 age groups based on previous studies [3] [4] [5] : patients ≤80 years of age and those >80 years old. Thrombolysis in Myocardial Ischemia (TIMI) and Treatment in Cerebral Ischemia (TICI) revascularization grades were defined according to the SWIFT and TREVO 2 trial definitions, respectively. 1, 2 Clinical outcomes were 90-day modified Rankin Score (mRS), mortality, and symptomatic intracranial hemorrhage (sICH). Good clinical outcome was defined as a 90-day mRS≤2. sICH was defined as any parenchymal hematoma, subarachnoid hemorrhage, or intraventricular hemorrhage associated with a worsening of the National Institutes of Health Stroke Scale (NIHSS) by ≥4 within 24 hours. Interventional procedures and patient selection were performed according to the standards and protocols at each site. Angiographic and clinical outcome data were adjudicated by each site. This study was performed without funding or industry sponsorship.
Statistical Analysis
The data were stored and analyzed by the coordinating site, the Medical College of Wisconsin. Statistical analyses were performed using JMP 11 software (SAS Institute, Cary, NC). The NASA cohort was dichotomized into patients ≤80 years of age and those >80 years old. Univariate analysis comparing the baseline characteristics between the 2 groups was performed using the Student t test for continuous variables and χ 2 or Fisher exact test (when small cell sample size of a given variable existed) for binary variables. Variables with a P value of <0.10, and clinically relevant factors, were entered into a multivariate stepwise logistic regression model to determine predictors of clinical outcome and mortality.
Results

NASA Full Cohort
There were 354 patients from 24 US centers enrolled in the NASA Registry. 8 The mean age for the total NASA cohort was 67.3±15.2 years (range, 20-100 years). For patients with good clinical outcome (mRS≤2), the mean age was 65±15.1 versus 69.2±15.1 years in those with a poor outcome (P=0.01).
NASA ≤80 Years and >80 Years Cohorts
Baseline Characteristics
When dichotomizing the NASA cohort, 276 of 354 (78.0%) were ≤80 years (mean, 62.2±13.2) and 78 of 354 (22.0%) were >80 years of age (mean, 85.3±3.8). Baseline characteristics for the 2 cohorts are presented in Table 1 . There was a greater percentage of women in the >80 years of age group than that in the ≤80 years cohort (65.4% versus 46.2%; P=0.003). The >80 years cohort had a greater prevalence of hypertension (P=0.003), atrial fibrillation (P≤0.0001), hyperlipidemia (P=0.02), and coronary artery disease (P=0.004). There was no difference in the mean presenting NIHSS (P=0.2), baseline mRS≤2 (P=0.3), or prevalence of diabetes mellitus (0.8) in the 2 cohorts. In the ≤80 years cohort, a greater proportion of patients presented with internal carotid artery terminus (25.1%) and basilar occlusions (12.4%) compared with 16.7% and 2.6% in those patients >80 years old, respectively. No difference in the proportion of patients receiving intravenous tissue-type plasminogen activator (IV-tPA; P=0.4) was noted between the groups.
Procedural and Angiographic Characteristics
No difference in mean time from onset to groin puncture (364.7±228.5 minutes versus 358.9±272.9 minutes; P=0.9) or time to revascularization (71.7±89.5 minutes versus 93.1±114.5 minutes; P=0.08) was observed among the ≤80 or >80 groups, respectively (Table 2) . With regard to revascularization, there was no difference in TIMI ≥2 (84.0% versus 83.3%; P=0.9) or TICI ≥2b (73.1% versus 69.2%; P=0.5) in the ≤80 or >80 years groups. The number of passes, use of a balloon guide catheter, and use of rescue therapy were similar among the cohorts; however, the use of general anesthesia (73.0% versus 60.0%; P=0.05) was greater in the ≤80-yearold group and use of intra-arterial (IA)-tPA (25.4% versus 38.5%; P=0.02) was greater in those >80 years of age. Distal embolization and embolization into new territory was comparable in both cohorts ( Figure) . Stratification by age showed that patients >80 years had poorer outcomes when compared with other age strata ( Figure I in the online-only Data Supplement). No difference was seen in the rate of sICH (9.1% versus 12.8%; P=0.4) in the ≤80 years and >80 years cohorts, respectively ( Table 2) .
Predictors of Clinical Outcome and Mortality
Age >80 years remained as an independent predictor of poor clinical outcome and mortality when adjusting for dichotomized age (>80 years), sex, hypertension, atrial fibrillation, hyperlipidemia, smoking, coronary artery disease, general anesthesia, and IA-tPA use on the multivariate analysis (Table 3) .
Greater Than 80 Years Cohort
To evaluate the characteristics within the >80 years of age cohort that may contribute to clinical outcome and mortality, the >80 years population was dichotomized by 90-day clinical outcome (good versus poor) and mortality (Table I and II in the online-only Data Supplement). The multivariate analysis (adjusting for time to revascularization, use of rescue therapy, number of passes, revascularization success [TICI ≥2b], initial NIHSS, and IV-tPA use) showed initial NIHSS, time to revascularization, and IV-tPA use as independent predictors of clinical outcome in the >80 cohort (Table 4) . Adjusting for initial NIHSS, hypertension, coronary artery disease, use of rescue therapy, TICI success (≥2b), and sICH, the multivariate analysis demonstrated that initial NIHSS, lack of revascularization success (TICI ≥2b), use of rescue therapy, and sICH were independent predictors of mortality (Table 5 ).
Discussion
Mechanical thrombectomy using newer generation stentretriever technology has shown increasing promise as an effective treatment for AIS; however, the influence of age in patients treated with these devices has not been studied. In the present study, we examine the influence of age on patients treated with the stent retriever, Solitaire-FR, in the NASA Registry.
Compared with the younger cohort, patients >80 years demonstrated a lower rate of good clinical outcome (27.3% 4 Lower rates of good clinical outcome and higher rates of mortality have also been reported with multimodal treatment approaches in the elderly. 5, [11] [12] [13] In a separate study, Mono et al 5 demonstrated less favorable outcome (28% versus 46%; P=0.019) and increased mortality (40% versus 22%; P=0.008) in octogenarians undergoing IA therapy (IV/IA thrombolysis, IA thrombolysis and mechanical thrombectomy) compared with patients <80 years of age. Similarly, lower rates of 90-day favorable outcome (28% versus 64.4%; P=0.002) and high rates of mortality (40% versus 15.3%) were also reported with a combined IV/IA approach in elderly patients versus their younger counterparts by Mazighi et al. 12 Similar to other series, our study found no difference in the rate of sICH between elderly and younger cohorts. 3, 5, [11] [12] [13] [14] [15] Although patients >80 years of age demonstrated lower rates of good clinical outcome at 90 days, elderly patients achieved similar revascularization rates (TICI≥2b; 69.2% versus 73.1%; P=0.5), but at a slower duration (93.1±114.5 versus 71.7±89.5 minutes; P=0.08) than younger patients. Revascularization rates in several studies examining ET in the elderly ranged from 62% to 87.9%, [3] [4] [5] 11, 12, 16 which are comparable with the findings from the current study. All but one series found no correlation between age >80 years and the likelihood of revascularization. 11 Interpretation of revascularization success in previous series is difficult because of variability in the grading scales used. This study reports TICI, which is the recommended revascularization scale by Zaidat et al. 17 The natural history of ischemic stroke in the elderly is known to correlate with increased mortality and lower rates of good clinical outcome. 18, 19 Part of this effect may be because of a higher rate of withdrawal of care and medical comorbidities in this population. 15 In our study, patients >80 years of age had higher rates of hypertension, atrial fibrillation, hyperlipidemia, smoking, and coronary artery disease than their younger counterparts. When adjusting for these comorbidities, age >80 years remained a strong independent predictor of poor clinical outcome and mortality. Our results are in agreement with 2 reports, which demonstrated that age >80 years was an independent predictor of poor outcome. 11, 14 The elderly also carry a higher burden of decreased neuronal plasticity, which also may contribute to the worse prognosis seen in this population. Proper patient selection is critical to determine which patients may benefit from ET. Large randomized controlled trials, including the Interventional Management of Stroke (IMS) III, TREVO 2, and SWIFT, excluded patients ≥85 years.
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The exclusion of the elderly population from RCTs has resulted in limited data on the benefit of ET in older patients. Previous studies, such as the randomized Third International Stroke Trial (IST-3) that included 1617 elderly patients, demonstrated the likely clinical benefit of intravenous thrombolysis in those >80 years of age and the association between thrombolysis and improved outcome. 22, 23 Our study also examined factors within the elderly patient population, which may aid in identifying predictors of clinical outcome. Our study showed that within the >80 years cohort, factors that may influence better outcomes include shorter procedural times, fewer device passes, and limited use of rescue therapy. In our multivariate analysis, initial NIHSS, time to revascularization, and IV-tPA use were found to be independent predictors of clinical outcome in the >80 population. In addition, initial NIHSS, revascularization success, use of rescue therapy, and sICH were all independent predictors of mortality in patients >80 years of age. Interestingly, all patients within the >80 years cohort who had a sICH (10/28) died, suggesting that sICH is particularly detrimental in this older group. Because a higher initial NIHSS was observed in the >80 years group, more severe strokes in this cohort may have contributed to worse outcomes compared with the ≤80 years group. Although use of general anesthesia was reported to negatively impact clinical outcome in AIS patients, 10 we did not see this effect within the elderly cohort; however, this may be related to the sample size.
Limitations
Our study has several limitations. This NASA substudy is limited by its retrospective nature and site-adjudicated clinical and revascularization outcomes. Information on collateral status, infarct volume, and palliative care/withdrawal rates were not available in the original NASA cohort; these factors may have contributed to the poor outcomes and mortality seen in the elderly population. Collateral circulation is thought to sustain ischemic territory viability during a stroke, and the presence of good collaterals has been associated with higher rates of improved clinical outcome. 24, 25 Elderly patients are believed to have poorer collaterals than their younger counterparts, and one study has reported that the odds of having decreased collateral circulation increases with age. 15, 26 Final infarct volume in ET has been shown as a strong independent predictor of good clinical outcome. 15, 27, 28 Data suggest that smaller baseline infarct volumes in elderly AIS patients may be needed to increase the chances of a good clinical outcome. 29 Although this substudy compared patients >80 years of age with those ≤80 years who underwent ET with the Solitaire-FR device, this study lacks a comparator arm of patients who received standard medical therapy alone.
Conclusions
To date, this is the largest study comparing the use of a newer generation retriever in a young and elderly cohort. Patients >80 years of age demonstrated a lower rate of good clinical outcome and increased mortality with ET compared with patients ≤80 years of age. However, use of IV-tPA, lower NIHSS, and shorter time to revascularization are associated with better outcomes in the elderly group. Further studies are needed to compare ET with standard medical therapy alone in this patient population. 4 Lower rates of good clinical outcome and higher rates of mortality have also been reported with multimodal treatment approaches in the elderly. 5, [11] [12] [13] In a separate study, Mono et al 5 demonstrated less favorable outcome (28% versus 46%; P=0.019) and increased mortality (40% versus 22%; P=0.008) in octogenarians undergoing IA therapy (IV/IA thrombolysis, IA thrombolysis and mechanical thrombectomy) compared with patients <80 years of age. Similarly, lower rates of 90-day favorable outcome (28% versus 64.4%; P=0.002) and high rates of mortality (40% versus 15.3%) were also reported with a combined IV/IA approach in elderly patients versus their younger counterparts by Mazighi et al. 12 Similar to other series, our study found no difference in the rate of sICH between elderly and younger cohorts. 3, 5, [11] [12] [13] [14] [15] Although patients >80 years of age demonstrated lower rates of good clinical outcome at 90 days, elderly patients achieved similar revascularization rates (TICI≥2b; 69.2% versus 73.1%; P=0.5), but at a slower duration (93.1±114.5 versus 71.7±89.5 minutes; P=0.08) than younger patients. Revascularization rates in several studies examining ET in the elderly ranged from 62% to 87.9%, [3] [4] [5] 11, 12, 16 which are comparable with the findings from the current study. All but one series found no correlation between age >80 years and the likelihood of revascularization. 11 Interpretation of revascularization success in previous series is difficult because of variability in the grading scales used. This study reports TICI, which is the recommended revascularization scale by Zaidat et al. 17 The natural history of ischemic stroke in the elderly is known to correlate with increased mortality and lower rates of good clinical outcome. 18, 19 Part of this effect may be because of a higher rate of withdrawal of care and medical comorbidities in this population. 15 In our study, patients >80 years of age had higher rates of hypertension, atrial fibrillation, hyperlipidemia, smoking, and coronary artery disease than their younger counterparts. When adjusting for these comorbidities, age >80 years remained a strong independent predictor of poor clinical outcome and mortality. Our results are in agreement with 2 reports, which demonstrated that age >80 years was an independent predictor of poor outcome. 11, 14 The elderly also carry a higher burden of decreased neuronal plasticity, which also may contribute to the worse prognosis seen in this population. versus 45.4%; P=0.02) and increased mortality (43.9% versus 27.3%; P=0.01) at 90 days compared with those ≤80 years. Our results are similar to other series that reported lower rates of good clinical outcome and higher rates of mortality in elderly patients undergoing mechanical thrombectomy for AIS. In the Kurre et al 3 series, which examined 109 patients ≥80 years of age who underwent mechanical thrombectomy, only 17.4% achieved a 90-day mRS≥2 and 47.7% were deceased. A single-center series that reported on the use of Merci, a first-generation retriever, showed that elderly patients had a mortality rate of 48% (15/31) versus 15% (11/75) in younger patients (odds ratio, 5.5; confidence interval, 2.1-14.2). 4 Lower rates of good clinical outcome and higher rates of mortality have also been reported with multimodal treatment approaches in the elderly. 5, [11] [12] [13] In a separate study, Mono et al 5 demonstrated less favorable outcome (28% versus 46%; P=0.019) and increased mortality (40% versus 22%; P=0.008) in octogenarians undergoing IA therapy (IV/IA thrombolysis, IA thrombolysis and mechanical thrombectomy) compared with patients <80 years of age. Similarly, lower rates of 90-day favorable outcome (28% versus 64.4%; P=0.002) and high rates of mortality (40% versus 15.3%) were also reported with a combined IV/IA approach in elderly patients versus their younger counterparts by Mazighi et al. 12 Similar to other series, our study found no difference in the rate of sICH between elderly and younger cohorts. 3, 5, [11] [12] [13] [14] [15] Although patients >80 years of age demonstrated lower rates of good clinical outcome at 90 days, elderly patients achieved similar revascularization rates (TICI≥2b; 69.2% versus 73.1%; P=0.5), but at a slower duration (93.1±114.5 versus 71.7±89.5 minutes; P=0.08) than younger patients. Revascularization rates in several studies examining ET in the elderly ranged from 62% to 87.9%, [3] [4] [5] 11, 12, 16 which are comparable with the findings from the current study. All but one series found no correlation between age >80 years and the likelihood of revascularization. 11 Interpretation of revascularization success in previous series is difficult because of variability in the grading scales used. This study reports TICI, which is the recommended revascularization scale by Zaidat et al. 17 The natural history of ischemic stroke in the elderly is known to correlate with increased mortality and lower rates of good clinical outcome. 18, 19 Part of this effect may be because of a higher rate of withdrawal of care and medical comorbidities in this population. 15 In our study, patients >80 years of age had higher rates of hypertension, atrial fibrillation, hyperlipidemia, smoking, and coronary artery disease than their younger counterparts. When adjusting for these comorbidities, age >80 years remained a strong independent predictor of poor clinical outcome and mortality. Our results are in agreement with 2 reports, which demonstrated that age >80 years was an independent predictor of poor outcome. 11, 14 The elderly also carry a higher burden of decreased neuronal plasticity, which also may contribute to the worse prognosis seen in this population. 
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